CdI 2 in water was extracted with 18-crown-6 ether (L) into 10 diluents at 298 K. The following equilibrium constants were determined or evaluated: some extraction constants (K ex 
•dm 3 for CdL 2+ with 2I − ), conditional distribution constants (K D 
Introduction
It is well known that crown ethers (L) extract Cd(II) and Pb(II) salts, such as metal picrates (MPic 2 ) [1] [2] [3] [4] [5] , the former chloride [6] , and bromides [1] [6] , into various diluents. Similar extraction behaviors into benzene (Bz) and nitrobenzene (NB) have been reported for Ca(II), Sr(II), and Ba(II) picrates with L [7] [8] . In these studies, the distribution equilibrium potentials (dep or Δϕ eq ) for monovalent anions (A − ) between the water and diluent bulk phases and the ion-pair formation for ML 2+ and MLA + in the diluent phases saturated with water have been examined and clarified, respectively [1] - [6] [8] . For the latter [1] [ 2+ , have been classified in terms of the HSAB rule [9] as the hard acids in water [10] , where B18C6 refers to benzo-18C6. This classification would make the studies on reactivity of the Cd(II) complexes and properties of the diluent molecules in the extraction interesting. However, there were few comprehensive studies for the M(II) extraction systems with L and various diluents [11] .
In the present paper, by doing extraction experiments of CdI 2 with 18C6 into ten diluents, we determined extraction constants, K ex and K ex± , and their related equilibrium constants, K D,I and K Cd/CdL , [4] [6] and then their comparable sizes were estimated from these V. On the basis of these data, the HSAB acidic and structural properties of the Cd(II) complexes with 18C6 were discussed independently.
Results and Discussion

Composition Determination of Cd(II) Species Extracted into Various Diluents
According to previous papers [1] - [6] , the following equation was employed for the determination of the composition of Cd(II) species extracted into the org phases. 
Cd II
as similar to the previous papers [1] - [6] . Therefore, we can determine the K D,I and K ex values from the plot of 
at L = 18C6; see the Section 3.3 for the detailed derivation of Equations (2)-(2b). Figure 1 and Figure 2 show examples of these plots for the present Cd(II) extraction systems and logarithmic values of these equilibrium constants were listed in Table 1 
Estimation of Dep for Some Diluent Systems
The relation between dep or Δϕ eq and K D,A has been reported for these extraction log K values at 298 K were used for these calculations: −4.0 [15] for NB, −4.56 [15] for DCE, and 
Determination of K1,org and K2,org
Referring to the previous papers [1] 
for a given ionic strength (I org ) in the org phase. Here, the equilibrium constant Table 2 , together with the K Cd/CdL and their corresponding I org values. Figure 3 shows the K 1,org and K 2,org values with ten kinds of the diluents described in Table 2 . The x-axis indicates the decrease of the diluent's polarities from No. 1 (NB) to 10 (mX). Except for the DCE and mX systems, there was the relation [ 
Figure 3. LogK 1,org (triangle) and logK 2,org (circle) values with ten kinds of diluents described in Table 2 . (4); d. Calculated from Equation (5); e. The values were employed for the plots of Figure 3 .
Determination of Kex2±, KD,CdLI, and KD,CdL and Their Characterization
The extraction constant K ex2± {see Equation (4)} and the two conditional distribution constants, K D,CdLI and K D,CdL , were calculated from the following thermo-
Cd/CdL D,I org org
and ( ) Assuming that the relation of Table 3 . The logK ex2± values were energetically (−ΔG˚/2.303RT = logK) the Table 1 ; b. Calculated from Equation (6); c. Calculated from Equation (7); d. Calculated from Equation (8); e. Refs. [13] & [14] ; f. The values were employed for the plots of Figure 4 .
smallest in the three extraction constants determined: logK ex2± < logK ex± < logK ex (see Table 2 for K ex & K ex± ). Equations (7) and (8) are related with pseudo-RST plots described in the Section 2.8.
As shown in Figure 4 , the K D,j values were in the order j = I − (<18C6) < Cd18C6 2+ < Cd(18C6)I + . This order is basically different from that [3] for the CdPic 2 -B18C6 extraction system: j = Pic
2+ . Equations (7) and (8) while that of ( )
These experimental results of the CdI 2 -18C6 extraction systems were in the These experimental orders are in good agreement with the orders predicted above. 
For Relative Concentrations of
at each experimental point. Here, the K ex , K ex± , K D,I , and K Cd/CdL values at L = 18C6 in Table 1 and Table 2 As can be seen from Figure 5 and Table A1 , the f + values were the largest in the extraction into the many diluents, except for the values of the DCE and mX systems. Especially, the f + values exceeded 50% in the NB, oDCBz, DCM, BBz, CF, and Bz systems. These behaviors in Figure 5 can be explained as follows. Figure  5 reflects mainly the difference between K 1,org and K 2,org (see the Section 2.4).
Considering these phenomena from ion-pair-formation point of view [3] [6], the systems dominant for the distribution of CdLI + can be a major case in the present extraction systems. Table A2 in Appendix). These orders suggested that the Cd18C6 2+ is a borderline acid in the NB phase, because the order between the hard and soft bases is random. The K 1,oDCBz values were in the order Br − < I − < Cl − , while the β 2,oDCBz ones were Cl − < I − < Br − (see Table A2 ). The former order suggested that and CF systems, the borderline acid for CBu, and the hard acid for mX and TE: see Table A2 in Appendix. In these systems, the HSAB classifications by K 1,org were in accordance with those by β 2,org .
On the basis of the above results, it could be considered that Cd18C6 2+ in water almost changes from the hard acid to the soft or borderline acids in the extraction into the org phases. This indicated that the hardness and softness of Cd18C6 2+ might be changed with species of the diluents, according to the criteria of the A − basicity.
The following measure can be also considered for the HSAB classification of Cd (18C6) As an example, the logK 2,oDCBz (A/Cl) values were in the order A − = Cl − = 1.0 < I − < Br − (see Table A2 (Table   A2 ). We can see it particularly from this comparison that the six diluents, DCE, oDCBz, DCM, CBz, BBz, and CF, are the higher effect than the others in softening the acidity of the complex ions. It is interesting that these diluents contain the Cl-or Br-group(s) in their molecules, though CBu, Cl-CH 2 CH 2 CH 2 CH 3 , does not clearly show its effect.
Comparisons of Molar Volumes among the Ion-Pair Complexes
We obtained the regression line from the RST plot [ [13] reported by Takeda, the V CdLI2 value was calculated to be 160 ± 57 from the slope of the RST plot. Adding the data of previous papers, the V j values became in order V CdLI2 ≤ V CdLPic2 (=171 cm 3 mol
. At least, there is a tendency in the order of V CdLA2 among A = Cl, Br, and I.
In general, the RST plot for the M(II) extraction system is expressed as log- Therefore, the V CdL value was estimated to be 120 ± 64 cm 3 •mol 
Estimation of Apparent Sizes for the Cd(II) Complexes
From the V j data, we can evaluate apparent sizes of Cd(18C6)A 2 or Cd18C6 
Extraction Procedure
Basic operations and equipment were the same as those described before [1] - [6] . That is, the operations were constructed of original Cd(II) extraction, its back one, and Cd(II) analyses with the AAS measurements at 228.8 nm. The calibration curves of Cd(NO 3 ) 2 in the aqueous 0.1 mol•dm −3 HNO 3 solutions were employed for the AAS determination of Cd(II). Here, differences in the calibration curve between pure water and the aqueous HNO 3 solution were experimentally negligible. So, the back extraction was operated with pure water instead of 0. 
Extraction Equilibrium Model and Its Data Handlings
The following extraction model [4] was employed for the analysis of the present extraction system with L = 18C6: 1) Cd 2+ + L ⇌ CdL 2+ [12] and 2) Cd 2+ + I − ⇌ CdI + [19] in the water phase; 3) with a successive approximation procedure, using the equilibrium constants of the processes 1), 2), and 6) [2] [4] . When a negative value for K ex had been obtained from the analysis with Equation (2b), its analysis was performed again by fixing the K ex value to that determined by the analysis with Equation (2a) [1] - [6] (see the footnotes c & e in Table 1 ).
Conclusions
The ion-pair formation in the 11 diluents saturated with water was classified in terms of the HSAB principle, although the hardness and softness of the simple A − in the diluents were assumed to be the same as those in water. This classification mainly showed us the two results. Table 1 ; c. The values were employed for the plots of Figure 5 . 
